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THEZ EFFECT OF cowriwe SBAPE ON THE STABILITY
CBBRBCTERISTICS OF AN AIRPLANE

By ¢. J. Donlan and! W, Letko
SUMMARY

Three widely different nose shapes were tested on a
fuselage alone and on a complete model in the UACA sta-
bility tunnel to investigate the effect of cowling shape
on stability characteristics. The results are presented
in the form of charts wihich show the variation in the
aerodynamic characteristics with the three nose shapes for
the propeller-removed condition over a wide range of an-
gles of attack and yaw.

The results of the investigation indicated that large
changes in the cowling skape produccd relatively small
changes In the aerodynamic characteristics. The effects
may bo appreciable, however, in ths case of an airplane
that has marginal stability.

INTRODU CT 10N

The trend in contemporary airplane design toward
higher wing loadings, smaller wing areas with respect to
fuselage areas, and larger moments of inertia makes the
attainment of satisfactory stability characteristics iIn-
creasingly difficult (reference 1). Small changes in the
stability parameters, therefore, mag produce significant
changes in the stability characteristics of the airplane.
One common change made on existing airplanes is a modifica-
tion of the engine cowling. Recent flight investigations
have suggested that changes in the type or the shape of
engine cowling may alter the flying qualities of an air-
plane, but little direct information IS available con-
cerning these effects. Pressure-distribution measurements
over cowlings of various shapes are given in references
2, 3, and 4, Reference 2 contains data on cowlings over
a considerable range of angles of attack but does not show
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the effect of the cowling on thg fuselage pressure distri-
bution. Reforenccs 3 and 4 contain extensive pressure-
distribution measurements at low angles of attack on a num-
ber of cowling-fuselage sarrangements over a wide range of
Mach numbers, Refecrence 5 shows tho effect of a radial,
engine and cowling on thc unstable moment of a strecamline
body but does not show the effect on the weathercock sta-
bility of the complete sirplane. The present investiga-
tion was made t0 provide dircet information concerning the
effect of cowling shape On the longitudinal- and lateral-
stability characteristiecs of the entire airplane,

Two cowlings representing exiremes in contemporary
design prachiice were tegted. In nddition, a streamline
nose scction was tested to provide a basis for comparison.
Arrangcments were made also for varying the voluae of air
flowing through the cowling. Tho propellers werc ncet rep-
resented, Tests werc wade of a fuselage alone sand of a
complets model consisting of a fuselage, a wing, aund hor-
izontal 2nd vertical $all surfaces.

The paper prescents the aerodynamic characteristics
in pitch and in yaw of the d4iffercnt combinations testcd.
The d=ts must be used in 2 strictly compsrative manner,
inasnuch as no correcticns for wind-tunnol wall effects
or support-strut interference have been applied.

APPARATUS &iD HMODELS

The tests were zade in the closad-throat WACA stabil-
ity tunnel. This tunnel 1S of recant construction. At
the outset of this investigation, the charaeteristics of
neither the tunnel nor the balances had bveen exvlored very
thoroughly; consequently, no attempt hLas been made to ap-
ply any corrections to the dsta obtained, In view of the
comparative nature of the present investigation, however,
this proccdure should not guslify any <f tic conclusions
recacihocd,

The tunnel is equipped with a six-component balance
especially designed tO0 measure the forces and moments with
recspecet t0 a system Of axes commonly used in stability
work, This system of axes is saown in figure 1, The ori-
ocntation of the drag vector should bc noted particularly.

Thce model uscd in this investigation is represcnta-
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tive of a convontional single~cngine military pursuit air-
planc cquipped with a radial engine. A three-view drav-
ing of tho O.1-scale airplane model showing the relative
sizos and location of the streamline nosce and the two cowl-
ings is given in figure 2. Although no propeller was
used, ail nose sections were constructed in such a way
that; the plene of the propeller was at a fixed distance
from the center of gravity.

The model was coxstructed of laminated mahogany. All
exposed surfaces were sprayed with lacquer and a smooth
finish was obtained. Both cowlings were modeled after the
cowlings used in tae investigation reported in reference 6.
Details of the test arrangement for the WACA open-nose and
high—-spocd cowlings are given in figures 3 and 4, respec-
tively.

In the WACA higk~specd cowling, the cooling air en-
ters at the nose of she forward eloanent of the cowling.
This eloment acts as a spinner and normally rotates with
tho propeller, the rotating elemeunt IS fitted internally
with cuffs that serve as fairings for tho propeller-blade
shanke. In the present investigation, no propeller was
used and the rotating eclcment was held rigid. The cowl-
ing cxit arrangement was unconventional in that the cool-
ing air wag cxhausted through two ducts, onc on each side
of the fuselage, instcad of tarsugh the conventional an-
nular oxit at the cowling skirt.

The resistance offercd by the engine to the air flow-
ing threugh the cowlings was simulatcd dy perforated plates,
the conductances of which could be varied, For both cowl-
ings, the condition of maximum conductance approximated
the full-scale conductance 0f a typical single-row radial-
engine installation without cowling flapse.

Typical test set,-ups are shown in figure 5.

The streamline nose and the two cowlings were each
tested on the fuselage alone and on the commlete model.
Each combination was tested throughout tho rangeoof %ngle
of attack from -5° to 18° at angles of yaw of -5 , 07,
nnd 5°, Tests were made also in which tho angle of yaw
was varied from 10° to -40° with the angle of attack fixed

O L)
at 0 and 10".



Most of the tests with the two cowlings were run in
the condition representing nmaximum conductance. Sone tests
with the NACA open-nose cowling were, however, run with
zerc conductance: that is, the flow through the cowling
was completely stopped,

The tests were made at a dynamic pressure of 65 pounds
per square foot, which corresponds to A speed of about 160
miles per hour under standard conditions. The test Roynolds
number based on thc wing chord was about 888,000. Repeat
tests were made at dynamic pressures of 100 and 125 pounds
per square foot (corresponding to test Reynolds numbers of
1,190,000 and 1,338,000, respectively) but little scale ef-
fect was observed In this range.

PRES®EATATION CF RESULTS

All data are reduced to nondimensional coefficients
and are uncorrected for initial asymmetry in the model or
air stream, for support-strut interference, and for wind-
tunnel wall interference. 411 coefficients are referred
to the system of axes shown in figure 1, The coefficients
for tho fuselage are based on the wing dimensions. The
symbols and coefficients used in this report are defined
as follows:

Cp drag coefficient (D/qS®
C1, lift coefficient (1ift/gS)

Cvy lateral-force coefficiens (Y/qS)

¢, ©pitching-moment coefficient (M/gSc)
Cy rolling-moment cocfficient (L/gShH)
Cp vawing-moment coefficient (N/qgSb)

D drag (See fig., 1 )

Y lateral force

M pitching moment

L rolling momoent

&



L- 343

N yawing moment
] dynanic pressure (%pV?)
v tunnel »ir velocity
S wing arca
c wing chord
K conductance of cowling
a angle of attack (thrust line)
v angle of yaw
oCy

Yw ~5§
o, 1

i Y
Oy 52

Ny 3V

Tno variation of the wmecasured 1ift, drag, and pitch-
ing-nonent coefficicnts with »ngle of attack for the dif-
ferent combinatioas tested is given in figures 6 to 8,

The effect of yaw on thesc coefficionts Is Illlustrated in
figure 9, Typical variations of the lateral-force cocffi-
cient, the rolling-vo.ent cocfficient; and the yawing-no-
nent coefficient with angle of yaw are presented in fig-
urcsg LO to 12.

The variation of the stability paranctcrs ~ , 03 ,

A
. . . Y,
¢ with angle of attack is given in figuresV13 and.
and ny
14. Thc paranetcrs C, , and C, represcnt the

CY,* W Yy

slope, at zoro yaw, o: tue curves of the cocfficicnts
against angle of yaw. In figures 13 and 14 the tailed
points are the measured slopes. The plain points were
evaluated from the data taken at angles of yaw of ¥ by
assuming a linear variation of the coefficients in this
range, T his method of computing the parameters yields re-—
sults within the practical limits of accuracy for angles



of attack below the stall. For angles of attack above the

stall, the parameters evaluated by this method have less
significence,

DISCUSSIOW

A change in the type or the shape of the cowling on
an airplanc could affeet the stability and control char-
acteristics by virtuc of the following effects:

1, A change in the forez and umoment contribu-
tion of the fuselage resulting froa a redistribution
of ~rca and the altered basic pressure distribution
over the fuseiage. This pressure distribution 1S

affcected also by the conductance of the cowliag - at
least, over the portign of tho fuselage occupicd by
the cowling. See refercnce 4 )

2, Interfercnce effects on the wine and the
tail surfaces resulting from the gltered flow pat-
tern around. the fuselage. These effects may also
vary with the condactance 0f the cowling.

The extent of tre effects attributable vo changes in
the basic pressure distribution can be determined from the
results for the fuselage alone. A comparison of the re-
sults for the fuselage alone and the results for the com-
plote model should reveal some of the effects attributable
to interference. It is appreciate5 that the comparisons
should be made on a relative basis; that is, a given
change of moment coefficient is of greater importance in
yvaw than in pitch because the total moasent cocfficient is
usually less.

Fuselage alone.-~ The data in figure 6 indicated that
tho different shapes tested had littie effect on the char-
acteristics of the fTuselage in pitch, The parameter most
affected was the drng coefficicnt., At high angles of at-
tack the more blunt ¥WACA open-nose cowling had the high-
est drag,caused possibly by an earlier breakdown of the
flow over tho cowling, A similar incrcasc in drag IS
noticeable at an anglc of yaw of 17 . (Sec Fig. 9,)

Tre effect of the different noses on the lateral-
stability characteristics should be noted (Fig, 13). The
fuselage with the WACA high-speed cowling giggsmxgﬂu § of
GYW about 0.0005 lower and values of Co,

i 1\!
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0.0003 more positive, that i1s, more unstable, than the cor-
responding parameters for the fuselage with the NACA open-
nose cowling. It will be observed also that at large an-
gles of yaw the fuselage with the FACA high-speed cowling
developed considerably smeller lateral forces than the
fuselage with the BACA open-nose cowling, These results
are in agreement with the trends indicated in reference 5.
In figure 10 the scatter of the rolling-moment coefficients
IS so great that no attempt was made to fair a curve through
the points,

Complete model.~ Apart from slight irregulagities in
the lift curve at an angle of attack of about 10 , the
type of cowling affixed to tho fuselage did not apprecia-
bly affect the characteristics in pitch of the complete
model (figs. 7(a) and 7(v3). The effect of conductance
should be noted (figs. 8(a) and 8(b)). With zero conduct,
ance, a breakdown of the flow probably occurs at a lower
angle of attack. This condition is associated possibly
with the development of critical peak pressures on the
cowling at lower angles of attack as the conductance of
the cowling is decreased. (See reference 4.)

The effect of the three nose shapes on the lateral-
stability characteristics of the complete model (fig. 14)
is gsimilar to tha effects observed. on the fuselage alone.
The values fluctuate somewhat with angle of attack but it
is seen “sat, in the normal range of angle of attack, the
value of CYW for the NACA high-speed cowling is always

less than the corresponding value for the NACA oper-nose
cowling and that an is always more positive, that is,
more unstable, than the corresponding value of an for
the NACA open-nose cowling. The sctual increments iIn
these parameters were of the same order of magnitude as
those observed for the fuselage alone; that is, ACYW =

-0.0005 and ACn\U = 0.0003, Check tests made of the fuscw

lage in combination with the horizontal and vertical tail
surfaces have veriffed these observations, The absolute
diffcrcnces, however, are small and, if plotted to the
scale of figure 11, may be overlooked, |In figure 14,
fluctuations in tho parameter ¢, around 11° or 12° indi-
cate that both wings do not stall simulteneously. The
effect of conductance was not investigated very extensive-—
ly but, at low anglcs of attack, it appeared to bc small.



At large angles of yaw the results for the NACA open-
nose cowling skhow larger lateral-force coefficients and
larger yawing moments (fig 11). The favorable effect of
tae flow through the cowling on _the rolling characteris-
tics at angles of yaw beyond 15 is interesting.

The effect of the cowlings cannot be rigorously sep-
arated into changes resulting from the altered basic pres-
sure distribution oven the fuselage and changes resulting
from interference effects on the flow over the wing and
tail surfaces without complete data on all combinations of
the wing, tail surfaces, and fuselage. It would appear
from a comparison of the results for the fuselage alone
ana for the complete model.,, however, that a lsrge percent-
age 0f the changes In the stability parameters were pri-
marily attribatable t0 the altered basic pressure distri-
bution over the fuselage.

Thr results of thig investigetion ndnmit the following
conclusions concérning the effect of covling shape on the
stability characteristiecs of an airplanoc:

1,. Ordizary changes In tho typo or the shape of a
cowling affixed. to »n airplanc are apt t0o produce sppreci-
able changes in the lateral-stability characteristics of
the airplane onlv if tho initial stebility is marginal.

In the present invostigation a radical change In the shape
of tho cowling resulted in only a small reduction in
we=thercoeck stability.

2, 3Below the critical specd of the cowling, practi-
eal variations of engine conductance will have minor ef-
foets on the stability characteristics of the airplane, cx-
ecpt possibly in the neighbortocod of the stall.

Langley Memorial Aesronautical Laboratory,
Natiovnal Advisory Corumittoe for Aeronautics,
Langley Ficld, Va,
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Fig.5

(8) FuseLAGE wiTH NACA OPEN-NOSE COWLING.

(A) ComPLETE moDEL wiTH NACA HIGH-SPEED COWLING.

FicurE 5, = MoDELS witH Two TYPES OF NACA COWLING
MOUNTED ON SUPPORTS.



Figs.6,7b

By as ~, 8INElS

WU O ff DOD fUPUOUL -

SUlY 241 7

Bep TENODII® SO SOy
oZ & O/ B/ g o & 9 & T 0O 2- - 9-

N

J0 I

|
nan

|

|

-

boymos poods-ybiy YIYN — —+

NACA

£ve-1

BUNIMOD S§OU-USTO Y IPN —0

N ¥ ? N
Wy 20912/ 44900 qwowdw -6urgonsd

Q

N

0 A eccmnxsu 'y Bucyo BEDIISY YIOLLR SO SyOUD YfIM
BUUS D1 ff DO SISOl BN PHE COYO Lt SO YOI ~9 EY %
bap ‘30 ‘syooge o 3rbuy

oZ 9/ g/ 2

L4 g Lgu

H

_

% 4

&

_, _L? __

SS0Y SUIUDI4LG~~~——~——HK
bunmoo ppads-ybiy YIYN— —+  +

Bumo 2 350U~USA 0 pOYN—0
j ; . |

L

|

N o

79 4ualo1y903 4411

A~

99 Quzingeod boug

.~

> N
-buiyad

13 L JUBIONYB0D JUB IO

N~



L=343

NACA Hg. 7a

o———NACA open-nose Cowrng

+

—NACA f19/7- Speed cow/ig
x————=SZreamiie /708e

2 L 1

Y720 W W N N G R &

s |_ I - 1 a
NI N A B R 1/, |39
Q C W

| Q
W + 4+ - L+
Q | | Q\J
G 4 2%
~ | R
3 B
3 2 % /9
S R T ‘
K) I_ 1 // -i— N 1 g\
1 ! <
N / !
2 111 | | L]
~ . ] _ f R N
| T ~

6 4 2 0 2 4 6 8 /0 /2 14 /6 /8 20

Angle of atiack, @, deg
(@) L1777 ara Grqg coerf/icresn”s.
Frgure 7 ~Aerodynamrc characteristics of complete moak/, A,
maximurn? ; Y, O-



Fig 8

SOSOYIUD ) —~ 2]

PUS/I S OO Ll erOLLs -

bap ‘o ‘yooyp 0

s/6up

o z= ¥ o

Sty i @)

oz ® 97 & 2/ o &8 g b 4 Z
1 T T T T
_ T | Jﬁ |
m m _ “ -
| _ | A A
| |
— " | n m e
| ;
“ “ _ e
! | _
[ g _
+ —._/ _ i “ “
|
4 —
T i t
_ xﬁ _ !
. — ﬁw_ t——t — —
_ i 1
T T T
!
l—: S
_ _
! _
_ _
DARDZINOUOD OfE 7 — 1)
<
O
< DOUDFOTOLIOD W I | X OYY— 0

gre-1

Y IR et

k;
&

*
JUBI D[ 4f0D JU SellO te~

N
d

Q
u/‘g‘

0 Y L buymos

BSOU-USHO YO N /3P0 SEYTeIOD JO SIHfSIIIFI0IOY
DIUDLAPDOIBD U BOULLINOUOD LO FISpLET — & o776

T QU IDI4fS00 SDIT

Q

~

N

2

SYUSITIAJIOD BOLD UL L7 (D)
630 D Yovpo SO Ul

oz 8 g/ # /o & 9 ¥ Z O 2 ¥ 9-

] # a @ T | L_\u #-
- -t —t- f f ' ” —
| _ L e

T QUL SO0 [A T



- . o e §amatxon'y
ke e s e G w%\\,sxc ‘Sercye DELysens MOB JO HELD GpM SLUIINY SO
o BEUD Gfp1/ SLUNIfS PO JuSuoiss -Ewmass put e e s s s St o oS
00 SLUUHOL - DU OL D2 ~OIL G O LPLLDIGY ~ ) D087 o A ¥ L 4
o 650 ‘f*mok o arbuy ~ P Jo epbay )
a o/ o o/~  oz- o=  Ob- 3 or o ot o= oo -
T T T * ;ﬂt 9" 3 res T | ] _ Y
M | X | 3
| e mvo m
‘ . _ 3 3
| Z .8 %
_ £ n 8
o\\ %7 j W. L3
v T ) ; - J hd
\W\\ ’v { S _ _ .MJ
\\\ = W o + i 3
54 Z 3 |
! g g I L_ z,.IT i S
= SR R "3
, ” L 3
_ 0
8
| _ ® kvmw — T —
_ _ + % & :w | | , Y
: ! > 3 | N G | | ;3
PR ] 3 ﬁ | _ 1ot
PR T e P X I AN IOV A IR W S
ICPEE R S 73 |
[ _ 9 _ | _ |
T “# r _ — _ _ W
w03 SS0U PUNWDIULS - X N‘W
S Bulimoo pasds=-ybly YOYN — — + 3
ot BuliMod 8s0U-usdo Yy DY N—0 2§
IsOU PUNWDI LS X K} - ‘ m : _ : ~3
e R~ — s w
1 buiimod 50 o YOV »0-% G oo -5 0§
©
~. _+ | 8
| . S S
_ [ 17
Q w - K.IQ. WO.
m
3 3
) :
4 '3
4 o

ere-1



L=-343

NACA

YOwing-moment

APONRP~77/72E/7T

coeffrerent,c,

coeHicrent, &

Lorero/force coer¥icrent,Cy

o8

Fig 11

=02

7

|

x~——~Slreom//ine rnose

o——NACA open-rose COW/ng
+— ~ANACAH //9/)-Speed CoWlirng

Ll

~40 =30

A

—-zo

of yow, ¢, de
Froere /)= Variarror of/afe/"g?//- force , rag//y
AW G~ 2770/976477 CORFIICICrAS Wiy ongl/e ofF gow:

|

JO 0 70

Complete wrodel, Ky moxmom ; a O.

~1P7ON22S#s o7’



L=343

NACA Fig.12

o I
o8 \ ] }
| |
w K t - i
§ 2 O A |
N S
D O
N Q
>\ O o2 '

\’ N
g
NI |
% X -0Z2 + i
< RN
N
NI
Q AV 2o |
R
o 2 1
"'g + i
O ;
b .0 I — I i
N o l
N |
‘6\3 - — +
8 “.Z = . _
O - _ | :
g o—Max mum conductance |
-F . ]
1\ | —2Ero corouczance
) - - —— — = T ‘
Q -5  _ i l ] | e e ; -
N o | T
N _ e e A Lo

>0 -20 O o 0

Angle of yow, y,deg

Fpure /2. ~£ffect of condquelance or) 1aterol-Force, rollnzg - wrommerns
O GO 177G = #2700 COSI S /@S Lopplele oo/, NALCH cper -
rose cowlwny,; 2, O.

=z



A
W s B BUO M
i

W o

S o G yIOLO
“ put *H°

T o o oriof —py S0b1y

Bap ‘v ‘Yo )b Fo oy

® 9 < 2T 0O T ¥ 9

200~

.\l@ll
N lo0~ Q«.U

(]

NACA

Me-1

\.\Q‘ka\\»\ﬁ\.mh\m&\

Yy guo BELYISHS YIGHD O

o gm0 peo S Ry g0 coogensey —ss S48t
bap ¢ 3 “ yoopsv o opbuy

er 9!

# T o @

9 -+ < [~] Z2- $- 9=

| | _ " . i
¢_¢ &**ﬁgl
A R

o
]
L

BSOU SUI[UDPALG~———— -
Buipmod paad s~4b1y y JN——+

bulymod sou~u3do Yo ——

” | 1 |

s




